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In this work, we study the possible unpartile signatures through tau pair prodution e+e− →
τ+τ− proess at the low energy partile fatories. We take into aount lepton avor onserving
(s-hannel) and violating (t-hannel) ouplings for the unpartile leptoni interations. For dierent
values of the saling parameter d we extrat upper limits on the salar unpartile ouplings at the
integrated luminosities of 100 fb
−1
/yr and 1 ab
−1
/yr.
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I. INTRODUCTION
High energy partile olliders that espeially ones with multi-TeV enter of mass energies have indisputable impor-
tane to seek for and to disover unknown physis eets. In many respets, the Large Hadron Collider (LHC), the
strongest partile ollider ever built, is expeted to be launhed in a year. There are several expetations to nd some
outomes for better understanding the physis of the eletroweak sale of the Standard Model (SM), and beyond it.
To disover the Higgs partile, if any, or to distinguish the eets due to the possible new physis eets beyond the
SM, suh as supersymmetri models, or extra dimensions, are main goals of the prospeted giganti ollider.
Beside those high energy olliders, the rather low energy olliders have been running for preise measurements and
as omplementary searh of the new physis eets beyond the SM. Partile fatories at the energy range (3-11 GeV)
with a luminosity range L = 1033− 1036 m−2 s−1 are devoted to detailed studies of heavy-avored states like harm
hadrons, tau lepton and bottom hadrons, [1, 2, 3℄. These partiles are of speial interest for several reasons: i.e.
quantitative tests of QCD at the interfae between the perturbative and non-perturbative regimes, matter-antimatter
asymmetry, origin of the CP violation, preision studies of tau and its neutrino and new physis eets.
The tau-harm fatory has been devised to investigate the properties of the harm physis and tau leptons (whih
are the heaviest and last disovered family of the lepton setor of the SM). The tau lepton oers some unique properties
whih make it an exellent tool for hallenging our urrent understanding of partile physis. The harm-tau fatory
operates at 3-6 GeV enter of mass energy. The tau physis have many signiant properties whih give motivations
to analyze the interations of the tau leptons (for reent reviews on tau physis, see for example [4, 5, 6, 7℄). A high
luminosity of L = 1035 m−2 s−1 harm-tau fatory of the Turkish Aelerator Center (TAC) has been proposed [8℄.
With this high luminosity of the fatory it is promising to searh for the new physis eets in avour physis.
Amidst the other beyond the SM senarios, the unpartile physis reently proposed by Georgi have very interesting
peularities, [9℄, and an be investigated through e+e− → τ+τ− proess at a tau fatory. The unpartile physis has
been proposed with the possibility of new physis eets of a hidden sale invariant setor living at a very high energy
sale on our low energy physis observables. Aording to this argument, if the sale invariane ours in the nature,
there may be a sale invariant setor at a very high energy sale, and at those energy sales both a sale invariant
setor presented by a set of the Banks-Zaks oparators OBZ and the Standard Model(SM) operators OSM an be
oexisted [10℄. Based on the notation of [9℄, these two sets of operators an interat through the exhange of partiles
with a mass saleMkU in the following form
1
MkU
OBZOSM (1)
where k > 0, the SM and BZ operators are dened as OSM ∈ OSM with mass dimension dSM and OBZ ∈ OBZ with
mass dimension dBZ . At an energy sale ΛU , the renormalizable ouplings of OBZ imply a dimensional transmutation
∗
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2in the BZ-setor suh that below ΛU the BZ-operators orrespond to the so alled unpartile operators. Thus, after
the dimensional transmutation (3) an be written as
CUΛ
dBZ−d
U
MkU
OUOSM (2)
where d is the saling mass dimension of the unpartile operator OU , and the onstant CU is a oeient funtion.
There have been numerious works on the impliations of the unpartile physis, for example one an onsult
[9, 11, 12? ℄ and referenes therein. In the sope of the present work, i.e. unpartile eets on tau/harm physis,
the unpartile eets on partile and antipartile osillations in meson-antimeson has been investigated by [13℄, [14℄,
and [15℄, and tau deays by [17℄. In their analysis they study both harm and B-physis. In this work, we take into
aount the tau physis option of the tau/harm fatories and we study on the possible unpartile signatures through
e+e− → τ+τ− proess.
II. TAU PAIR PRODUCTION
The optimum energy for studying a partiular partile at an e+e− ollider orrespond to the region near its
pair prodution threshold, whih generally has the highest ross setions, lowest bakground and other favorable
experimental onditions. In the framework of the SM, tau-lepton pair prodution ours through the exhange of
photon and Z-boson in the s-hannel as shown in Fig. 1(a-b). The dierential ross setion for the sattering proess
e+e− → τ+τ− keeping the terms inluding the mass of the tau lepton is given by
dσ
dt
=
g4e
16πs2
{2(2m4τ + s2 − 4m2τ t+ 2st+ 2t2)
s2
+
c2ac
2
v(2m
4
τ + 3s
2 + 6st+ 2t2 − 2m2τ (3s+ 2t))
4c4ws
4
w[(s−m2z)2 +m2zΓ2z]
+
c4v(2m
4
τ + s
2 − 4m2τ t+ 2st+ 2t2) + c4a(2m4τ + s2 + 2st+ 2t2 − 4m2τ (s+ t))
8c4ws
4
w[(s−m2z)2 +m2zΓ2z]
+
(s−m2z)[c2v(2m4τ + s2 − 4m2τ t+ 2st+ 2t2) + c2as(s− 2m2τ + 2t)]
c2ws
2
ws[(s−m2z)2 +m2zΓ2z ]
}
(3)
where ge =
√
4πα is the eletromagneti oupling onstant; cw and sw are the osine and sine of the weak mixing
angle θw. Here cv and ca are the vetor and axial-vetor ouplings of the Z-boson; mτ is the tau lepton mass; mz and
Γz denote the Z-boson mass and deay width, respetively (for numerial values see [18℄). The Mandelstam variables
s = (pe− + pe+)
2 = (pτ+ + pτ−)
2 = 4Ee+Ee−, and t = m
2
τ − s(1−β cos θ)/2 with β =
√
1− 4m2τ/s and cos θ = pz/|~p|.
The dierential ross setion and total ross setion are presented in Fig. 2 and 3. For s≪ m2z the total ross setion
is found to be σ ≈ 2πα2β(3 − β2)/3s. The pair prodution threshold is around 3.5 GeV while the total ross setion
shows a peak around 4.2 GeV with ∼ 3.6 nb. From Figure 3 we nd the ross setion ∼ 3.1 nb at 3.8 GeV, whih is
about 3.5 times larger than that at 10 GeV.
The eetive interation among the SM fermions and the salar unpartiles is given by
λαβ
Λd−1U
f¯αfβOU + h.c. (4)
where α, β stand for the fermion avors. Therefore, the ontributions from the exhange of the salar unpartiles to
the sattering amplitude for the proess e+e− → τ+τ−, Fig. 1(-d), are given
M sU = [fd(λ0)][v¯e+(p2)ue−(p1)][u¯τ−(p3)vτ+(p4)][s]
d−2eidpi (5)
M tU = [fd(λ
′
0)][u¯τ−(p3)ue−(p1)][v¯e+(p2)vτ+(p4)][−t]d−2 (6)
where
fd(λ0) =
[ λ20
Λ2d−2U
][ Ad
2 sin dπ
]
(7)
with
3e+
e−
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τ− τ−
τ+
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Figure 1: Feynman diagrams for the tree level ontributions of SM and unpartiles to e+e− → τ+τ− proess.
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Figure 2: Dierential ross setion for the angular distribution of the tau lepton due to the SM ontribution at
√
s = 4.2 GeV.
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Figure 3: Total ross setion due to the SM ontribution depending on the enter of mass energy.
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Figure 4: The angular distributions for unpartile ontribution at
√
s=4.2 GeV. Here, we assume λ0 = λ
′
0 = 0.3 and ΛU = 1000
GeV.
Ad =
16π5/2
(2π)2d
Γ(d+ 1/2)
Γ(d− 1)Γ(2d) (8)
In Eqs. (5 - 7) we take into aount the possible lepton avour onserving (λee ≡ λττ ≡ λ0), and avour hanging
(λeτ ≡ λ′0) ouplings for the unpartile interations.
The dierential ross setion for both SM and unpartile ontributions an be found as follows
dσ
dt
=
[|MSM |2 + |M sU |2 + |M tU |2 + 2Re[M t∗U M sU ]]
16πs2
where there is no interferene between the SM and the salar unpartile ontributions(here we neglet the eletron
mass), and one an easily nd the amplitudes due to the unpartile exhanges
|M sU |2 = [fd(λ0)]2[s]2d−2[1− 4m2τ/s] (9)
|M tU |2 = [fd(λ′0)]2[−t]2d−2[1−m2τ/t]2 (10)
2Re[M t∗UM
s
U ] = − [fd(λ0)fd(λ′0)][s]d−1[−t]d−2[t+m2τ ] cos dπ (11)
In the Figure 4, we plot the pure unpartile ontributed dierential ross setions with respet to cos θ for dierent
values of the saling parameter d, where θ is the sattering angle of the tau lepton in the enter of mass frame. In
Fig. 5, for an illustrution we show the eets from the avor preserving and the avor non-preserving unpartile
ouplings, here we assume three possible onguration (λ = 0.4, λ′ = 0.), (λ = 0., λ′ = 0.4), (λ = λ′ = 0.4) for d = 1.1,
where we take ΛU = 1000 GeV. In Fig. 6, we plot total ross setion depending on the enter of mass energies in
the range 3.5-10 GeV. From this gure one an see the eets of the avor preserving and the avor non-preserving
unpartile ouplings, whih ould be measured at future fatories. Fig. 8 shows the ross setion depending on the
saling dimension d for dierent oupling ongurations. From those gures, one should notie that the eets of
the unpartile, for the given parameter ongurations, an be disriminated from the SM bakground for the values
d < 1.4. To ompare the ontributions we give the numerial values of the total ross setions with and without
unpartile eets in Table I. The ontributions of the salar unpartile with avour onserving ouplings are shown
in Fig. 7, for dierent saling dimension d, depending on the enter of mass energies between 3.5− 10 GeV.
III. LIMITS AND DISCUSSION
To alulate the limits on the unpartile ouplings we use the standard two-parameter hi-square analysis for the
hi-square funtion
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Figure 5: The SM and unpartile ontributed dierential ross setions at
√
s=4.2 GeV. For the unpartile ontribution, we
assume d = 1.1 and ΛU = 1000 GeV.
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Figure 6: The SM ross setion and the unpartile ontributed ross setions with respet to the enter of mass energy of the
ollider. For the unpartile ontribution, we assume d = 1.1, and ΛU = 1000 GeV.
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Figure 7: The ross setion for pure unpartile ontribution with avor onserving ouplings depending on the enter of mass
energies for dierent saling mass dimension d = 1.1, 1.2 and 1.3. We assume ouplings λ0 = 0.3,λ
′
0 = 0 and ΛU = 1000 GeV.
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Figure 8: Dependene of the unpartile ontributed total ross setion on d for dierent oupling ongurations at 4.2 GeV.
We assume ΛU = 1000 GeV.
Table I: The ross setions for the SM and unpartile ontributions for d = 1.1 and Λ = 1000 GeV at dierent energies.
σ(nb)√
s(GeV) SM+U(λ0 = λ
′
0 = 0.3) SM+U(λ0 = 0.3) SM+U(λ
′
0 = 0.3) SM
3.8 3.291 3.082 3.288 3.072
4.2 3.828 3.596 3.819 3.568
10.0 0.929 0.900 0.922 0.863
χ2 =
[σSM+U (λ0, λ1)− σSM ]2
(∆σSM )2
(12)
with
∆σSM = σSM
√
[(
1√
N
)2 + δ2syst] (13)
N = σSM .Lint.ǫ (14)
where N is the number of events, Lint is the ollider integrated luminosity, and ǫ is the eieny for the interested
hannel. For the 95%C.L. we extrat upper limits on the ouplings assuming χ2 = 5.99 for two parameters. Assuming
the optimal integrated luminosity Lint = 100 fb−1/yr and Lint = 1 ab−1/yr at 4.2 GeV, we present the limits on the
avor preserving and the avor violating ouplings in the ontour plot, Figures 9 and 10. The limits are listed in the
Table II for dierent enter of mass energies available at the avor fatories.
Table II: Upper limits from the χ2 analysis on the ouplings (λ0, λ
′
0) for ΛU = 1000 GeV, with the Lint = 100 fb−1/yr and 1
ab
−1
/yr aording to the saling mass dimension d at the enter of mass energies 3.8, 4.2 and 10 GeV.
√
s(GeV) Luminosity d = 1.1 d = 1.2 d = 1.3 d = 1.4
3.8 100 fb−1 (0.131,0.059) (0.276,0.136) (0.581,0.308) (1.210,0.690)
1 ab
−1
(0.098,0.045) (0.207,0.102) (0.436,0.231) (0.910,0.518)
4.2 100 fb−1 (0.102,0.059) (0.214,0.133) (0.445,0.299) (0.920,0.662)
1 ab
−1
(0.076,0.044) (0.160,0.099) (0.334,0.224) (0.690,0.496)
10 100 fb−1 (0.079,0.071) (0.152,0.149) (0.291,0.303) (0.552,0.601)
1 ab
−1
(0.059,0.053) (0.114,0.112) (0.219,0.227) (0.414,0.451)
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Figure 9: Contour plot to represent the 95%C.L. limits on the unpartile ouplings for Lint = 100 fb−1/yr at 4.2 GeV. We take
ΛU = 1000 GeV.
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Figure 10: Contour plot to represent the 95%C.L. limits on the unpartile ouplings for Lint = 1000 fb−1/yr at 4.2 GeV. We
take ΛU = 1000 GeV.
8To onlude, in this work we have studied the unpartile eets on tau pair prodution at low energy partile
fatories. We analyze in detail the limits on the avor onserving/hanging salar unpartile ouplings at the ollider
energies
√
s=3.8, 4.2 and 10 GeV with the luminosities of 100 fb−1/yr and 1 ab−1/yr. We nd the limits for d < 1.4
assuming the unpartile energy sale ΛU = 1000 GeV are onsistent with the limits found in the literature. We
would like to remark that higher enter of mass energy has an advantage for the measurements of avor onserving
unpartile ouplings. However, the avor hanging unpartile ouplings for d < 1.3 an be measured more aurately
at a harm/tau fatory.
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